Abstract. Ventilation system of road tunnel is one of the most important parts of the tunnel safety equipment, especially in view of the emergency event in the tunnel with fire. Last year we presented the testing and the first in situ measurements of our project entitled "Models of formation and spread of fire to increase safety of road tunnels". With regard to our project schedule we performed also the second in situ experiment. Other part of this paper deals with computer simulations of fires of a selected Slovak road tunnel.
Introduction
Operation and Maintenance of road tunnel is very complicated matter from safety point of view. For these reasons, the idea of Tunnel Traffic & Operation Simulator (Simulator) was created in 2009, to solve various problems in road tunnels operation. In cooperation with National Motorway Company (NMC, sole administrator of Slovak road tunnels) we realised project of unique device "Simulator". Because the tunnel ventilation system and managing of the ventilation system during the fire is very difficult matter we decided to realize another one project. In cooperation with Institute of Informatics of Slovak Academy of Sciences we deal with investigation of models of formation and spread of fire in road tunnels. Project title is "Models of formation and spread of fire to increase safety of road tunnels. Some basic information about the project:
 develop a series of computer simulations of selected types of fires in selected road tunnels managed by NMC according to negotiated scenarios using the Fire Dynamics Simulator (FDS) fire simulation program system,  carry out thorough analysis and visualization of the simulation results,  create a series of visualizations of results of computer simulation of fires in a virtual tunnel of Tunnel Traffic & Operation Simulator (TTOS) using the FDS system, MATEC Web of Conferences 196, 04077 (2018) https://doi.org/10.1051/matecconf/201819604077 XXVII R-S-P Seminar 2018, Theoretical Foundation of Civil Engineering  fill up the database of Slovak road tunnels incidents with analysis and statistical processing of the data,  conduct a series of full-scale fire experiments in a single-and two-tube highway tunnel managed by NMC. The project is specifically focused on the smoke stratification investigation and the impact of ventilation on maintaining and disruption of stratification.
Measurements in tunnel
In the first phase of our project, we have performed testing measurement and first in situ measurement. Both measurements were published and presented at Russian-Slovak-Polish Seminar in Warsaw 2017. In the second phase, we focused on preparation and realization of second in situ measurements in Považský Chlmec tunnel. A lot of measurements were performed by Mr. Zaleňák (designer of ventilation system of tunnel), e.g. longitudinal ventilation tests, control and calibration of air flow and opacity meters. Within comprehensive tests of tunnel before handing over to the administrator following tests were performed:
 ventilation control during normal operation,  ventilation control at fire time,  parallel tunnel ventilation,  ventilation of emergency exits,  time to achieve ventilation targets. Data from comprehensive tests cannot be published but will be presented at conference. All measures data are available to solve the project and have been used for simulations (see chapter 3).
But other measurements we performed due to needs of the project. We prepared supplementary measurements of air flow velocity and direction at both tunnel portals ( 
Tunnel fire simulation models
The aim of the project is to prepare a series of computer simulations of fires in the Povazsky Chlmec tunnel and to validate them using experimental data from onsite tunnel measurements. For the fire modelling we use the FDS (Fire Dynamics Simulator) system which is the well-known advanced free open-source software for simulation of fires in various environments with a fire field model implemented [1] [2] [3] [4] . The system is based on CFD (Computational Fluid Dynamics). FDS numerically solves a form of Navier-Stokes equations for low-speed fire-induced flows with the emphasis on smoke propagation and heat transfer from fire. Mathematical model of the fire is based on partial differential equations corresponding to the mass, momentum, energy and species conservation laws, and equation of state. These equations are modified and simplified, and then discretized and numerically resolved on regular three dimensional orthogonal meshes using second-order accurate finite differences scheme. The FDS strongpoint is realistic flow modelling implemented by efficient numerical scheme solving partial differential equations on regular 3D computational meshes.
Research on applicability of FDS for modelling fires in the Povazsky Chlmec tunnel utilizes knowledge obtained during the validation of fire simulations for the Polana highway tunnel carried out under this research project. In this section we illustrate the impact of slope on smoke spread in tunnel by simulation of a fire in two tunnels that differ in this parameter. We consider the Polana tunnel model and a model of an experimental tunnel with the same parameters but different slope.
The Polana tunnel [5, 6 ] is a bi-directional highway tunnel with 2% slope and two laybys. The tunnel has a standard horseshoe cross-section and dimensions of 900 x 10 x 6.8 m (length x width x height). It is equipped with 4 pairs of axial jet fans, located 100 and 200 m far from the tunnel portals at 5.4 m height above the road. The tunnel is equipped with measuring and detection devices standard for modern road tunnels in the European Union (flow velocity, temperature and optical density measurement, smoke detection, camera In both tunnels we conducted a simulation of a 5 MW fire located 430 m from the left portal. The fire source was represented by a 1 x 1 m area burning with the 5000 kW/m2 HRRPUA (Heat Release Rate per Unit Area). The fire was initiated at the beginning of the simulation and burnt for 180 s until the end of the simulation. We considered 2 m/s natural airflow towards the right tunnel portal achieved by setting the value of pressure difference on portals (DYNAMIC_PRESSURE = 12 Pa). The parallel MPI model was used to parallelize the calculation. The computational domain was divided into 12 computational meshes with 30 cm resolution ( Table 1 ). The simulations were carried out on the SIVVP computer cluster at the Institute of Informatics of Slovak Academy of Sciences in Bratislava using 12 computational cores (single node) of the cluster. Table 2 shows the times at which the front of smoke layer reaches selected important positions in the tunnel (the distance of the tunnel centre, lay-by, the 3rd jet fans pair and the 4th jet fans pair from the fire source). Table 2 illustrate that the buoyancy force of fire accelerates the smoke spread (and the natural airflow) in ascending tunnel (the Polana tunnel). In the tunnel with variable slope (ascending and descending) the buoyancy force of fire accelerates the smoke spread in ascending direction (as in the previous case), however, later it slows down the smoke spread in descending part of the tunnel. In ascending tunnel, only limited backlayering can be observed. In tunnel with variable slope a more notable backlayering can be observed, however, its velocity is relatively low.
Conclusion
In this paper measurements of airflow velocity and direction at tunnel portals are illustrated. Data from comprehensive tests of ventilation will be presented at conference. Simulations presented in 3 rd chapter are very important to understand the smoke spread in tunnel which can be very useful for operators of road tunnels and last but not least for road tunnel users.
